The association between ventricular premature contractions (VPC) on routine ECG and sudden death (SD) from coronary heart disease (CHD) during an ll-year period was examined in a historic prospective study of 1,214 white male factory workers, ages 35-69, in Canton, North Carolina. Prevalence of VPC was 92 (6.7%) increasing from 2% to 15% with age. Sixty of the 118 deaths were ascribed to CHD, 38 (63.3%) with 24-hour SD, and 27 (45%) with 1-hour SD. The relative risk of 1-hour SD for those with VPC was not increased (0.9); the risk of 24-hour SD was increased only minimally (1.3). Within the age band 50-59, the relative risk of 24hour sudden death was 2.4 but the presence of other electrocardiographic abnormality carried the same increased risk. For the Canton population, using VPC on routine ECG as predictor of sudden death yielded no advantage over other ECG abnormalities.
Epidemiology SINCE THE EARLY 1960's an increasing interest in the relationship between ventricular premature contractions (VPC) and sudden cardiac death (SD) has led to the establishment and rapid growth of coronary care units (CCU) throughout the country and the world. Constant electrocardiographic monitoring of the patient with acute myocardial infarction (AMI) has facilitated the early detection of cardiac arrhythmias. Proper treatment prevents these arrhythmias from progressing to ventricular fibrillation, a-systole, and death. Significant reduction in mortality for AMI patients treated in CCU has been claimed in a number of studies. 1 2 Chiang3 reported from Tecumseh in 1969 that the finding of VPC on routine electrocardiogram (ECG) was associated with a sixfold increased risk of SD among persons with coronary heart disease (CHD), overt or subelinical. The VPC were found on routine ECG in essentially asymptomatic individuals; thus the association was not restricted to VPC at the time of AMI. This gave the medical practitioner a means of identifying in advance the persons who might be saved from sudden death through closer supervision and/or more vigorous treatment. A later article with a somewhat different approach to the Tecumseh data drew a somewhat less definite conclusion: VPC were so frequently associated with other CHD risk factors "that the relative contribution to the fatal outcome remains conjectural."4 A current review of the Framingham data5 has shown that the precursors of SD were very similar to those of nonsudden CHD death. They found evidence for associations between SD and smoking, increased relative weight, left ventricular hypertrophy of ECG, and sedentary habits. The associations were not statistically significant, however. Another analysis of the Framingham data6 using 2,336 men, aged 29-62, concluded that left ventricular hypertrophy by ECG substantially increased the risk of SD. VPC, although appearing to add to the risk of SD, occurred too infrequently and with too disparate an age distribution to be statistically significant.
Hinkle7 studied 6-hour telemetered ECG recordings of 301 white employed men aged 54-60 doing standardized activities. He found that 92.6% had dysrhythmias, and that 62.2% had VPC or complex ventricular dysrhythmias. These latter dysrhythmias were significantly associated with CHD as well as Circulation, Volume XLVII, April 1973 with subsequent death from CHD, particularly when the frequency of the VPC was greater than 10/1000 QRS complexes. A subsidiary conclusion was that the finding of such arrhythmias indicated a susceptibility to "dysrhythmic death."
The present study was planned to determine the associations between VPC and SD. It was hypothesized that those persons having VPC on routine ECG would have an increased risk of dying an SD due to CHD, compared to those without VPC. As a second hypothesis, it was postulated that VPC would carry an increased risk of CHD death. years old at the time of the initial exam, for a total of 1,224 white male hourly paid employees, 95% of the original study population. Data were obtained on the status of these individuals as of September 1, 1970 (table 1) .
Materials and Methods
For the purposes of the present study, the 116 available death certificates were reviewed to establish the cause of death and the duration of symptoms of the terminal illness in all heart-related deaths. SD was defined as death occurring within 24 hours of the onset of acute signs and symptoms. This was in accordance with the definition of sudden unexpected death agreed upon by the committee supported by the Councils on Arteriosclerosis and Epidemiology of the American Heart Association.'0 When no time interval was specified, the death was considered nonsudden. As a subgroup within the 24-hour SD group, those whose death was listed as "sudden," "instantaneous," "immediate," or as occurring within 1 hour were classified as 1-hour SD.
CHD death was defined to include such death certificate diagnoses as coronary infarction, coronary thrombosis, and the like when listed as primary cause of death or a secondary cause of heart-related deaths. Probable myocardial infarction was considered CHD death in absence of other stated illness. Standard 12- lead ECG were read (by F.D.F.) in a single-blind fashion, using the pattern technic for identifying ECG abnormalities. The ECG had been preserved uncut so that the total number of QRS complexes and VPC could be ascertained. In addition, rate, QRS duration, P-R interval, total number of VPC, and supraventricular premature contractions (SVC) were noted. VPC were not subdivided into unifocal and multifocal groups.
Presence of any one of the following abnormalities associated with CHD were designated as "other ECG abnormality": right bundle-branch block, left bundlebranch block, periinfarction block, other intraventricular conduction defect, atrial fibrillation, left-axis deviation (QRS frontal-plane vector between -30°and -90°), Q or QS pattern, S-T-segment changes greater than 1-mm deflection from baseline, and flat, diphasic, or inverted T waves. Age adjustment was calculated by the indirect method, applying the combined age-specific rate for each 5-year age band to the observed numbers within each subgroup (VPC, non-VPC, "other ECG abnormality," etc). Statistical significance was computed by chisquare test; Yates' correction was used where indicated.
Results
Ten individuals without ECG at initial exam were excluded, leaving 1,214 cases. The overall prevalence rate of SVC was 3.1% (38/1214), of VPC 6.7% (82/1214), and of "other ECG abnormality" 12.4% (152/1214); all rates increased with increasing age ( fig. 1 ). The frequency distribution of VPC showed 17% (13/82) to have more than five per tracing; for SVC there were 8% (3/38) with more than five per tracing ( fig. 2 ).
In the distribution of specific ECG abnormalities within the category "other ECG abnormality," Twave changes and left-axis deviation were most prevalent ( Frequency distribution of VPC and SVC on routine ECG (Canton).
abnormality" in those with SVC was not significantly different from that in those without SVC (table  3) . There was a significantly increased prevalence of "other ECG abnormality" in those with VPC compared to those without VPC; however, statistical significance was lost after age adjustment (table   4) .
Sixty deaths were attributable to coronary heart disease, of which 38 died within 24 hours of the There were no significant differences between VPC and non-VPC groups in age-adjusted mortality rates for any of the three categories of death (table  6 ). This was also true for the "other ECG abnormality" group and the smaller group with VPC and "other ECG abnormality" combined. The relative risk was increased consistently only for those with other ECG abnormalities.
The 10-year age band 50-59 (table 7) contained four of the five found within the three death categories. The relative risk of 24-hour SD was mildly increased (2.3 or greater) in each abnormal ECG group for this age band, in contrast to that for the total population (1.3 or less). The only markedly increased relative risk was in those with the combination of VPC and "other ECG abnormality," a category with too few numbers to consider statistically.
Discussion
The CHD death rate in the Canton group was comparable to, although slightly higher than other white male populations of this age range.'1 The 1hour SD annual rate was 2.0/1000, exactly the same as the Tecumseh figure of 12/1000 for the 6-year interval.4 It should be noted that the Tecumseh population included women and unemployed subjects.
The VPC and SVC prevalence rates, as well as the age-related increase, fell within the ranges reported for similar age groups of white employed men. 12 The "other ECG abnormality" group was qualitatively somewhat incomparable to other studies but did show a not unexpected rise with age.
In regard to the association between "other ECG abnormality" and VPC as opposed to SVC, the closer association was between "other ECG abnormality" and VPC (tables 3, 4) . This was in keeping with the Tecumseh findings of a statistically significant association between CHD and VPC.3 However, the significance of the Canton figures was rendered negligible with age adjustment.
For those with VPC, only in the 24-hour sudden death category was there an increased relative risk, 1.3 (table 6 ). In the 1-hour sudden death category the relative risk was <1. This was considerably different from the sixfold increase in relative risk of sudden death in those with VPC as first reported by Chiang.3 Using the Tecumseh relative risk of 6, one can calculate the expected number of 1-hour sudden deaths among those with VPC in the Canton population, obtaining a figure of 15, compared to the observed number of five (table 8) . Of course, this exercise is biased by the fact that the Tecumseh rates are for both sexes. Age-sex specific rates could not be calculated from their published data.
For the 50-59-year age band there was a consistently increased relative risk for any of the death categories in the presence of VPC, but this increased risk was not sufficiently great to yield statistical significance (table 7) .
The results of this study are generally in conformity with the later conclusion from Tecumseh4 and the more recent analyses of the Framingham data.5' 6 Its conclusions are somewhat counter to the conclusion of Hinkle7 although that study is not comparable to the present study which used the routine ECG only.
Looking more closely at the Tecumseh data in comparison to the Canton data, one notes that of the 10 sudden deaths with VPC on routine ECG, Abbreviations: SD = sudden cardiac death; CHD = corornary heart disease. seven were age 69 or older at intake. The prevalence of persons with VPC on routine ECG in normal populations has been shown to increase with age, with the greatest increase being over the age of 70.13 Likewise the incidence of SD from CHD rises with age.14 Conceivably the heavy weighting of the Tecumseh data with elderly individuals could account for suggestive relationships between VPC, SD, and CHD, despite age adjustment. On the other hand, perhaps there actually is a significant relationship between VPC and SD that the Canton data could not show because of the younger age group studied. In either case one can question the practical value of being able to predict SD in persons over the age of 70.
There are other features of the Canton population that might have contributed to the essentially negative findings. The non-VPC group might have had a greater prevalence of coronary risk factors which at the same time predisposed them to a higher sudden death risk. Multivariate analysis should shed light on this possibility, but was not feasible at the time of this study. In addition to considering the usual coronary risk factors, one might consider other factors peculiar to the Canton group that might have contributed to differences when compared to Tecumseh and Framingham. Such factors might be the predominance of laborers and a more rural setting in the Canton group.
Differences in the definition of sudden death between the Canton study and those of Tecumseh and Framingham should be pointed out. Both the latter groups used the time interval of 1 hour to delimit sudden death, and both excluded death in hospital. They also contacted family and attending physician where possible for more precise determination of the terminal illness and its duration in the other studies. In the Canton study information concerning location of death and contact with family or physician was not available. Moriyama15 has shown that the use of the death certificate alone as indicator of cause of death is sufficiently precise for epidemiologic studies. Duration of illness as recorded on the death certificate may be somewhat 20 1  1  1  263  1  2  4  20  1  1  1  5  0  0  0  0  0  0  0  31 2  2  2  216  0  1  1  28  2  2  2  14  0  0  0  3  0  0  0  22 0  0  0  213  3  4  6  1]5  0  0  0  7  0  0  0  7  0  0  0  31 3  6  9  142  7  7  10  30  2  5  8  8  0  1  1  1  1  1  1  26 0  1  2  95  4  4  8  23  0  1  2  17  1  2  2  3  0  0  0   19 2   2  5  69  2  4  8  12  2  2  4  9  0  0  0  7  0  0  1  3 0  0  0  3  0  0  0  3  0  0  0  1  0  0  0  0  0  0  0 more subject to recorder variability or bias, however. Although the Canton data were less precise for these several reasons, one postulates with difficulty that there was a systematic bias as a result of this imprecision that selected proportionately more sudden deaths in the non-VPC group than in the VPC group. The interval between the initial ECG and the follow-up determination of the death status in the study may have been too long, allowing other factors to overwhelm the effect of any association between VPC and SD. Three of the four with prior VPC and 24-hour SD died within the first 4 years (one died within the first 3 months). Contrast this 3/4 with the finding that less than 1/3 of all sudden deaths occurred within the first 4 years ( fig.  3 ). In Framingham the biennial examination that just preceded sudden death showed that other evidence of CHD was found in all but one case of VPC followed by sudden death.6 Intervals longer than 2 years between ECG and death might allow measurable indicators to go undetected, thus minimizing any predictive value of such indicators. Conceivably, if ECG were monitored more frequently, VPC might be detected in many within the year preceding sudden death. The Framingham data suggest that this would be accompanied by other ECG abnormalities. The independent contribution of the VPC as a sudden death predictor would be minimal.
The presence of "other ECG abnormality" compared to the presence of VPC carried with it at least double the relative risk of 1-hour sudden death, 24-hour sudden death, and CHD death (table 6) . When the two conditions were found Circulation, Volume XLVII, April 1973 together the relative risk dropped from the "other ECG abnormality" risk level toward the VPC risk level. The number of deaths in the combined group were much too small to allow the conclusion that VPC tend to "protect" against death in the presence of other ECG abnormalities.
The use of even the single VPC on an ECG as a predictor of sudden death may have been too indiscriminate. In Hinkle's 6-hour recordings those with more than 10 VPC/1000 QRS complexes (1%) were more significantly associated with CHD, although the presence of any VPC carried an increased risk of CHD death.7 All those in the Canton study with any VPC, even just one VPC, fell into the 1% or greater category.
Within the group of five with VPC and death the relationship between number of VPC and death category was as follows: (1) one VPC: one each for 1-hour and 24-hour SD; (2) two VPC: one nonsudden CHD death; (3) three VPC: one each for 1-hour and 24-hour SD. None of these was early VPC ("QRS on T'), nor were there multifocal beats noted in the tracings with two or three VPC. Considering this another way, 5% (2/38) of those with a single VPC died a 24-hour SD; 5% (1/19) of those with two VPC died a nonsudden CHD death; 33% (2/6) of those with three VPC died a 24-hour SD; and none of the 19 with more than three VPC died a 24-hour SD; and none of the 19 with more than three VPC died a sudden death. These numbers are too small to consider statistically.
The choice of sudden death as the end point in these studies has in its favor a definitiveness and ease of collecting the data. However, there is an intermediate point to examine that may be more association between VPC on routine ECG and subsequent sudden death.
Conclusions
This historic prospective study of 1,224 white male factory workers, ages 35-69, demonstrated that for those with VPC on routine ECG the relative risk of 1-hour sudden death was not increased and the risk of 24-hour sudden death was increased only minimally. The relative risk was certainly not equal to the sixfold increased risk reported previously.3 No increase in relative risk of CHD death was found for those with VPC. The present study had perhaps too few individuals over the age of 60 for results that can be generalized to standard populations. Within the age band 50-59, the presence of VPC on routine ECG carried a greater relative risk of 1-hour and 24-hour sudden death than in the entire population, but the presence of other ECG abnormalities carried a similar increased risk. While awaiting studies using larger numbers, more representative populations, and longer periods of ECG monitoring, it would be advisable to look for predictive factors other than VPC in the attempt to reduce the incidence of sudden death from coronary heart disease.
